Some of the medicinal plants valued in Ayurvedic Rasayana for their therapeutic potential have been scientifically investigated with promising results. A number of plant-based principles have been isolated with potential immunomodulatory activity that can explain and justify their use in traditional medicine in the past and can form the basis for further research in the future as well. The aim of this review is to highlight results of research done on immunomodulators of plant origin. The selection of papers was made using the most relevant databases for the biomedical sciences on the basis of their ethnopharmacological use. Many plants and some phytoconstituents responsible for immunomodulation have been explained. The review also discusses biological screening methods for various plant drugs that focus on revealing the mechanism involved in immunomodulation. This work shall hopefully encourage researchers to undertake further work on medicinal plants with potential immunomodulatory activity.
Introduction
According to the World Health Organization (WHO), about three-quarters of the world population relies upon traditional remedies (mainly herbs) for the health care of its people. In fact, herbs and/or plants are the oldest friends of mankind. They not only provided food and shelter but also served to cure different ailments. Herbal medicine, sometimes called traditional or natural medicine, has always existed in one way or another in different cultures and civilizations, such as Ayurvedic (India), Egyptian, Western, Chinese, Kampo (Japan) and Greco-Arab or UnaniTibb (south Asia). Traditional medicine all over the world is currently being revalued through extensive research activity on various plant species and their therapeutic properties.
Ethnopharmacological activities in Ayurvedic medicine
Ayurveda stresses the use of plant-based medicines and treatments. Various plants identified in the Indian Ayurvedic system of medicine display a wealth of pharmacological properties. The ayurvedic system of medicine is one of the oldest systems of medicine and includes various ethnopharmacological activities such as immunostimulation, tonic, neurostimulation, anti-ageing, antibacterial, antiviral, antirheumatic, anticancer, adaptogenic, etc. 1 An entire section of the Materia Medica of Ayurveda is devoted to "Rasayana", drugs reputed to enhance body resistance. 2 Listed as a class in the texts of traditional Indian Medicine literature, Rasayana consists of a number of plants reputed to promote physical and mental health, improve defense mechanisms of the body and enhance longevity. These attributes are similar to the modern concept of adaptogenic agents, which are known to afford protection of the human physiological system against diverse stressors.
3 A number of medicinal plants as Rasayanas have been claimed to possess immunomodulatory activity, e.g., Withania somnifera, Tinospora cordifolia, and Mangifera indica. 4, 5 They can depress or potentiate the host's capacity to resist infection and tumors non-specifically, or react specifically to a foreign substance. Immunomodulators act on the complex network of mechanisms of the immune system in a way not yet fully elucidated (Fig. 1) .
Immunity
This may be defined as the body's ability to identify and resist large numbers of infectious and potentially harmful microorganisms, enabling the body to prevent or resist diseases and inhibit organ and tissue damage. The immune system is not confined to any one part of the body. Immune stem cells, formed in the bone marrow, may remain in the bone marrow until maturation or migrate to different body sites for maturation. Subsequently, most immune cells circulate throughout the body, exerting specific effects. The immune system has two distinct but overlapping mechanisms with which to fight invading organisms, the antibody-mediated defense system (humoral immunity) and the cell-mediated defense system (cellular immunity). 6 
Immune systems
The basic architecture of the immune system is multilayered, with defenses on several levels. Most obvious and primary is the skin: the first barrier against infection. Another is physiological, where conditions like the temperature and pH of the body provide inappropriate living conditions for foreign organisms. Once pathogens have successfully entered the body, they are addressed by the innate and/or the acquired or adaptive immune system. Both systems consist of a multitude of cells and molecules that interact in a complex manner to detect and eliminate pathogens. Detection and elimination depend upon chemical bonding: surfaces of immune system cells are covered with various receptors, some of which chemically bind to pathogens, while others bind to other immune system cells or molecules to enable the complex signaling system that mediates the immune response. 7 
Immunomodulators
These are biological or synthetic substances that can stimulate, suppress or modulate any aspect of the immune system including both adaptive and innate arms of the immune system.
Classification of immunomodulators
Clinically, immunomodulators can be classified into the following three categories:
Immunoadjuvants are used to enhance the efficacy of vaccines and therefore could be considered specific immune stimulants. Immunoadjuvants hold the promise of being the true modulators of the immune response. It has been proposed that they be exploited as selectors between cellular and humoral helper T1 (Th1) and helper T2 cells (Th2), immunoprotective, immunodestructive, and reagenic [immunoglobulin E (IgE)] versus IgG type immune responsesdposing a real challenge to vaccine designers. 8 Immunostimulants are inherently non-specific as they are envisaged as enhancements to a body's resistance to infection. They can act through innate as well as adaptive immune responses. In healthy individuals, the immunostimulants are expected to serve as prophylactic and promoter agents, i.e., as immunopotentiators, by enhancing the basic level of immune response. In the individual with impairment of immune response, they are expected to act as immunotherapeutic agents. 9 Immunosuppressants are a structurally and functionally heterogeneous group of drugs, which are often concomitantly administered in combination regimens to treat various types of organ transplant rejection and autoimmune diseases. 
Correlation of immunomodulators with Ayurveda
Ayurveda is a most ancient and yet currently vital tradition practiced widely in India, Sri Lanka and other countries. It has a sound philosophical and experimental basis. Atharvaveda (around 1200 BC), Charak Samhita and Sushrut Samhita (1000e500 BC) are the main classic reference collections that give a detailed description of over 700 herbs.
Concept of Rasayana
The word Rasayana, a combination of two words (rasa and ayana), refers to nutrition and its transportation throughout the body. Rasayana therapy enhances the qualities of rasa, enriching it with nutrients so one can attain longevity, improved memory and intelligence, freedom from disorder, youthfulness, excellence of hair, complexion and voice, optimum development of physique and sense organs, mastery over phonetics and brilliance. As a dedicated stream of medication for immune promotion, antidegenerative and rejuvenating health care, the Rasayana therapy of Ayurveda is known to prevent the effects of ageing and improve the quality of life for healthy as well as diseased individuals. Rasayana is helpful to improve immunity and is normally advised during the degenerative phase of life, which starts from around 45 years in both males and females.
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Plants as immunomodulators
Several medicinal plants used in the Indian traditional system known as Rasayana (devoted to enhancement of the body's resistance) have attracted the attention of scientists world-wide. As discussed below, several medicinal plants exhibit not only immunomodulatory activity but also a wide range of antioxidant, antiasthmatic, antiarrhythmic, antiinflammatory, hepatoprotective, hypocholesterolemic, antifungal, cardiotonic, diuretic, and other medicinal activities (Table 1) .
12e89
Chemistry of plant-derived immunomodulators Glycosides These organic compounds from plant and animal sources, upon enzymatic or acid hydrolysis, yield one or more sugar moieties. Chemically, they are the acetals or sugar ethers, formed by the interaction of the hydroxyl groups of the sugar and non-sugar moieties, with the loss of a water 
Coumarins
These glycosides are derivatives of benzo-a-pyrone (5); the furanocoumarins (6) are formed by fusion of furan ring to a coumarin at either the 6 and 7 position or the 7 and 8 position 90 . These glycosides also exert immunomodulatory activities. Examples include Achillea millefolium, Heracleum persicum and auraptene (7) from Citrus natsudaidai mentioned above. Esculetin (6,7-dihydroxycoumarin) is a coumarin derivative that can be isolated from many plants such as Artemisia capillaries, Citrus limonia and Figure 9 . Celastrol, bryonolic acid and glycyrrhetinic acid. Euphorbia lathyris. It is known to exhibit pleiotropic biological activities including lipoxygenase-inhibitory activity, free radical scavenging activity, suppressive activity on oxidative damage to DNA, tyrosinase-inhibitory activity as well as being cancer chemopreventive and having antitumor activities (Fig. 3) . 91 Cytotoxic coumarins are derived from the root of Angelica dahurica (Fig. 4) . 92 Sapogenins Sapogenins, such as triterpenoid saponins (8) and diterpenes (9) exert a wide range of immunomodulatory activities. Examples are Gymnema sylvestre, Chlorophytum borivilianum, Boswellia spp. and Randia dumetorum.
Alkaloids
These organic compounds are of natural or synthetic origin, basic in nature, containing one or more nitrogen atoms, normally heterocyclic, of limited distribution and have specific physiological actions on the human or animal body. 90 Achillea millefolium, Murraya koenigii, Cissampelos pareira and Actinidia macrosperma are the examples of alkaloids discussed in this review. Thiosulfinates These compounds (10) also demonstrate potent immunomodulatory and adaptogenic properties, e.g., from Allium hirtifolium. 47 
Volatile oils and terpenoids
The term terpene represents the hydrocarbons (C 5 H 8 ), while terpenoids include the hydrocarbon as well as their oxygenated derivatives. Terpenes like carvacrol (11) and the terpenoids are all volatile oils of plant or animal origin. 90 Various plant constituents with terpene moiety exhibit immunomodulatory activity, e.g., eugenol (12) from Ocimum sanctum, diterpene from Andrographis paniculata, Achillea millefolium, Alternanthera tenella, triterpenes (13) from Ganoderma lucidum, lupeol (14) and amyrine (15) in in Bauhinia variegate. Polysaccharides Botanical polysaccharides exhibit a number of beneficial therapeutic properties, and it is thought that the mechanisms involved in these effects are due to the modulation of innate immunity and, more specifically, macrophage function. Furthermore, botanical and microbial polysaccharides bind to common surface receptors and induce similar immunomodulatory responses in macrophages, suggesting that evolutionarily conserved polysaccharide structural features are shared between these organisms. Thus, the evaluation of botanical polysaccharides provides a unique opportunity to discover novel therapeutic agents and adjuvants that exhibit beneficial immunomodulatory properties. The immunomodulatory effects of the polysaccharide of Cistanche deserticola have been evaluated by in vitro proliferation of murine thymus lymphocytes using the 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) method. The enhancing effect of polysaccharide on murine thymus lymphocyte proliferation was related to its delivery of thymus intracellular calcium ions (Ca 2þ ). High molecular weight substances were isolated from Salicornia herbacea, which has been used in traditional oriental remedies to treat a variety of diseases including cancer. The active components of the extract have been described as polysaccharides, which not only vigorously activate monocytic cells, but also induce differentiation of monocytic cells into macrophages. 93, 94 The chemical structure of some immunomodulator agents are shown in Figs. 2e16.
Pharmacology of immunomodulatory activities from putative medicinal plants
Mechanism of action of the Rasayanas/ immunomodulators It has been reported that the "Rasayanas" are rejuvenators, nutritional supplements and possess strong antioxidant activities. They also exert antagonistic action on oxidative stressors, giving rise to the formation of different free radicals. They are used mainly to combat the effects of ageing, atherosclerosis, cancer, diabetes, rheumatoid arthritis, autoimmune disease and Parkinson's disease. The Rasayana herbs seem to operate through immunostimulant, immunoadjuvant, and immunosuppressant activities or by affecting the effector arm of the immune response. 11 Mechanisms of immunomodulation activity occur mainly via phagocytosis stimulation, macrophages activation, immunostimulatory effect on peritoneal macrophages, lymphoid cells stimulation, cellular immune function enhancement and nonspecific cellular immune system effect, antigen-specific immunoglobulin production increase, increased nonspecific immunity mediators and natural killer cell numbers, reducing chemotherapy-induced leukopenia, and increasing circulating total white cell counts and interleukin-2 levels (Table 2) . 12,13,16,17,19e48 Modulation of the immune responses through the stimulatory or suppressive activity of a phyto-extract may help maintain a disease-free state in normal or unhealthy people. Agents that activate host defense mechanisms in the presence of an impaired immune response can provide supportive therapy to conventional chemotherapy. 95 A high degree of cell proliferation renders bone marrow a sensitive target, especially to various cytotoxic drugs. In fact, bone marrow is the organ most affected during any immunosuppression therapy with this class of drugs. Loss of stem cells and the inability of the bone marrow to regenerate new blood cells results in thrombocytopenia and leucopenia. 96 Saponins are either triterpenoid or steroidal glycosides proven to be essential phytoconstituents with various pharmacological activities, such as antiallergic, antiphlogostic, cytotoxic antitumour, antiviral, immunomodulating, antihepatotoxic, molluscicidal, and antifungal activity. Recently, three diosgenyl saponins isolated from Paris polyphylla have been reported to have immunostimulant properties. 97 Lymphocyte stimulation tests were performed on eight cycloartane-type saponins isolated from Astragalus melanophrurius, 98 to determine the role of saponins in the immunomodulating effect of the plant. Higher concentrations of tested compounds have exhibited inhibitory effects.
Cycloartane and oleanane-type triterpenes from these species have unmistakably induced interleukin-2 activity. 99 Immunomodulatory activities of terpenoid compounds such as glycyrrhizinic acid, ursolic acid, oleanolic acid, and nomilin have been reported. 100 A novel triterpenoid has been isolated from the root bark of Ailanthus excelsa Roxb. (Tree of Heaven), AECHL-1, and has potential as an anticancer agent. 101 Many studies have reported the identification of immunomodulatory compounds with pharmacological activity and a limited toxicity. In this context, ethnopharmacology represents the most important way possible to uncover interesting and therapeutically helpful molecules. The phytochemical analysis of Rasayana plants has revealed a large number of compounds including tannic acid, flavonoids, tocopherol, curcumin, ascorbate, carotenoids, polyphenols, etc., which have been shown to have potent immunomodulatory properties. The herbal mixture preparations of Indian traditional medicine may stimulate immunomodulation due to their content of plants with immunomodulatory properties that probably act synergistically. This hypothesis along with the lack of toxicity can be important to understand their use in the past as well as currently. 102 From the above review it should be evident that there are many medicinal plants which exert immunomodulatory activity in experimental models at a particular dose. Different types of screening methods both in vivo and in vitro have been employed to determine their pharmacological activity. Some medicinal plants may stimulate the immune system, (e.g., Panax ginseng, Ocimum sanctum, Tinospora cordifolia, and Terminalia arjuna), and some may suppress the immune response (Alternanthera tenella). Also, various secondary metabolites (e.g., alkaloids, glycosides, saponins, flavonoids, coumarins, and sterols) exhibit a wide range of immunomodulating activity. Thus a successful review has been achieved by our above survey.
